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(54) METHOD FOR PRODUCING POLYAMIDE. AND POLYAMIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing a polyamide which has m- 
xylylenediamine as >70 mol% of a diamine component in a relatively short time so that the 
contents of insoluble and infusible materials is low, with a high polymerization degree and with 
which gelation can remarkably be suppressed and the gelation during processing and molding is 
scarcely caused. 

SOLUTION: The polymerization is carried out by minimizing the moisture contents in a raw 
material (preferably using a diamine and a dicarboxylic acid in bulk) and suitably controlling the 
reaction conditions in each process of continuous production. The ratio (molar ratio) of amounts 
of carboxy end groups (CEG)/amino end groups (AEG) of the CEG and AEG of the polyamide is 
controlled to >1.2 in the latter polymerization process. 
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Partial Translation of JP 2003-165838 

[Scope of Claims] 

1. A method for producing polyamide, in which a 
dicarboxylic acid (C) and a diamine (A) are blended with 
each other such that a ratio by amount C/A (molar ratio) 
comes to be from 0.975 to 1.025 and the resultant mixture 
is supplied to an amidation step and, then, the mixture is 
subjected in the amidation step to a polycondensation and, 
thereafter, the resultant polymer is subjected to a 
continuous production process comprising an initial 
polymerization step and a late polymerization step for 
increasing a polymerization degree, to thereby produce 
polyamide in which at least 70% by mol of a diamine 
component is occupied by m-xylylene diamine, 

being characterized in that a water content in a 
blended article of the dicarboxylic acid (C) and the 
diamine (A) is less than 20% by weight; 

a relative viscosity (Rvi) of a polymer to be 
produced in the amidation step is from 1.2 to 1.8; a 
relative viscosity {RV2) of a polymer to be produced in 
the initial polymerization step is from 1.4 to 2.1; and an 
increased portion (ARv) of the polymerization degree from 
the initial polymerization step to the late polymerization 
step is from 0.05 to 1.8; and 
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a ratio by amount CEG/AEG (molar ratio) of a 
carboxylic end group (CEG) to an amino end group- (AEG) of 
a final polyamide is adjusted to be 1.2 or more by adding 
an amino end group modifier in the late polymerization 
step. 

2. The method for producing the polyamide according 
to Claim 1, wherein the amino end group modifier is an 
acid anhydride. 

3. An polyamide, in which at least 70% by weight of 
a diamine component comprises m-xylylene diamine, 

being characterized in that a relative viscosity at 
20''C is from 1.8 to 3.6; 

a tertiary nitrogen content is 0,65% by mol or less; 

and 

a ratio by amount CEG/AEG (molar ratio) of a 
carboxylic end group (CEG) to an amino end group (AEG) is 
1.2 or more . 

[0008] 

[Mode for Carrying Out the Invention] 

Hereinafter, the present invention will be described 
in detail. A polyamide to be produced according to the 
invention is a polyamide in which at least 70% by mol of a 
diamine component is occupied by m-xylylene diamine 
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(hereinafter, referred to also as "'MXD") • When MXD in the 
diamine component is less than 70% by weight, an oxygen 
barrier property is remarkably deteriorated. An amount of 
MXD is preferably 75% by mol or more and, particularly 
preferably, 80% by mol or more. Examples of other diamine 
components than MXD include aliphatic diamines such as 
ethylene diamine, 1, 2-propylene diamine, trimethylene 
diamine, tetramethylene diamine, pentamethylene diamine, 
hexamethylene diamine, heptamethylene diamine, 
octamethylene diamine, nonamethylene diamine, 
decamethylene diamine, undecamethylene diamine and 
dodecamethylene diamine; alicyclic diamines such as 
cyclohexane diamine, bis {4-aminocyclohexyl) methane; and 
aromatic diamines such as p-xylylene diamine. Among these 
diamines, ethylene diamine, 1, 2-propylene diamine, 
hexamethylene diamine and p-xylylene diamine are preferred. 
Other diamine components than the MXD may be used either 
each singly or in combinations of two types or more at 
given ratios and can be used in the range of less than 30% 
by mol in an entire diamine component. 
[0009] 

Examples of the dicarboxylic acid components include 
aliphatic dicarboxylic acids such as adipic acid, sebacic 
acid, malonic acid, succinic acid, glutaric acid, pimelic 
acid, suberic acid, azelaic acid, undecanoic acid. 
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undecanedioic acid, dodecanedioic acid and a dimer acid; 
alicyclic dicarboxylic acids such as 1, 4-cyclohexane 
dicarboxylic acid; and aromatic dicarboxylic acids such as 
terephthalic acid, isophthalic acid, phthalic acid, 
xylylene dicarboxylic acid and naphthalene dicarboxylic 
acid. Among these dicarboxylic acids, adipic acid 
(hereinafter, referred to also as '"AA") , sebacic acid 
(hereinafter, referred to also as "'SA'^) and isophthalic 
acid (hereinafter, referred to also as '"IPA") are 
preferred. The dicarboxylic acid components can be used 
either each singly or in combinations of two types or more 
at given ratios. When two types or more thereof are used 
in combinations, any two types or three types selected 
from among AA, SA and IPA are preferably used. 

[0011] 

According to the invention, the polyamide is 
produced by a continuous production process. The term 
^^continuous production process" as used herein denotes a 
production process which contains a raw material blending 
step, an amidation step, an initial polymerization step 
and a late polymerization step, in which the raw material 
blending step, the amidation step, the initial 
polymerization step and the late polymerization step are 
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performed in respective apparatuses which are connected 
with one another such that a disposed material from an 
apparatus of a former step becomes a feed for an apparatus 
of a latter step and, then, production of from the raw 
material preparation to a final product (polyamide resin 
composition to be targeted) is continuously performed* 
[0012] 

FIG. 1 shows an example of an apparatus for carrying 
out the continuous production process. Hereinafter, 
respective steps (the raw material blending step, the 
amidation step, the initial polymerization step and the 
late polymerization step) will be described in detail with 
reference to accompanying drawings. 

[0013] (1) Raw material blending step 

In the present step, a dicarboxylic acid (C) and a 
diamine (A) are blended with each other such that a ratio 
by amount C/A (molar ratio) of the dicarboxylic acid (C) 
to the diamine (A) comes to be in the range of from 0.975 
to 1.025 and, then, the resultant mixture is supplied to 
the next step, namely, the amidation step. When the ratio 
by amount C/A (molar ratio) of the dicarboxylic acid (C) 
to the diamine (A) comes out of these ranges, not only 
control of the polycondensation reaction of the polyamide, 
namely, the control of the reactions in steps of the next 
step which is the amidation step and subsequent steps 



becomes extremely difficult, but also there is a case in 
which the polymerization degree of the polyamide does not 
sometimes reach a targeted polymerization degree. The 
ratio by amount of the dicarboxylic acid (C) to the 
diamine (A) is, preferably, in the range of from 0.980 to 
1.020 (molar ratio) and, more preferably, in the range of 
from 0.985 to 1.015 (molar ratio). 
[0014] 

According to the invention, ordinarily, as shown in 
FIG. 1, the dicarboxylic acid and the diamine are supplied 
to the next amidation step in bulk by utilizing respective 
melting/storing tanks 1, 2 and respective raw material 
supply pumps 3a, 3b of the dicarboxylic acid and the 
diamine. Since the dicarboxylic acid is ordinarily a 
solid, the melting/storing tank 1 of the dicarboxylic acid 
is constituted by a melting tank la and a storage tank 2 
for storing the carboxylic acid thus melted in the melting 
tank 1. It is appropriate that a melting/storage 
temperature of the dicarboxylic acid is from [a melting 
point of the dicarboxylic acid] to [the melting point plus 
20**C] . When the melting/storage temperature comes higher 
than the stated range, there is a risk of causing thermal 
degradation or thermal decomposition of the dicarboxylic 
acid, which is not favorable. Further, when the 
melting/storage temperature comes lower than the stated 
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range, uneven melting occurs and, then, the ratio by 
amount of the dicarboxylic acid to the diamine in the 
blended material therebetween comes largely apart from the 
ratio by amount of 1:1, which is not favorable. 
[0015] 

A melting/storing tank 2 of the diamine is 
ordinarily constituted by a single tank. It is 
appropriate that a melting/storing temperature of the 
diamine is in the range of from a [melting point of the 
diamine] to [the melting point plus 20^C] . When the 
melting/storage temperature comes out of the stated range, 
this case is not favorable from the same reason as in the 
dicarboxylic acid. Further, the dicarboxylic acid and the 
diamine are preferably put in an inert gas atmosphere, for 
example, in a nitrogen gas atmosphere, for the purpose of 
suppressing the thermal oxidative decomposition. 
[0016] 

Raw material supply pumps 3a, 3b are devices for 
quantitatively supplying the dicarboxylic acid and the 
diamine in the respective melting/storing tanks 1, 2 and, 
then, blending them at a desired blending ratios and, 
thereafter, supplying the resultant mixture to the next 
amidation step. Although they are not particularly 
limited but are preferably plunger pumps. 
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[0019] 

According to the invention, as described above, it 
is preferable that, by using the melting/storing tank 1 
for the dicarboxylic acid and the melting/storing tank 2 
for the diamine, the dicarboxylic acid the diamine are 
supplied to the amidation step still in respective bulk 
form (as melted articles) . It is permissible to supply an 
aqueous solution containing respective salts of the 
dicarboxylic acid and the diamine to the amidation step. 
However, it is necessary to limit a quantity of water in 
each aqueous solution to be less than 20% by weight. In 
an aspect in which the aqueous solution containing the 
respective salts of the dicarboxylic acid the diamine is 
supplied to the amidation step, a storing tank which 
stores the aqueous solution of the diamine is used in 
place of the melting/storing tank 2 for the diamine, or a 
storing tank which stores the aqueous solution containing 
the salt of the dicarboxylic acid and the salt of the 
diamine is used in place of the melting/storing tank 1 for 
the dicarboxylic acid and the melting/storing tank 2 for 
the diamine. 
[0020] 

According to the present step, by supplying a 
blended article of the dicarboxylic acid the diamine in 
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bulk form to the amidation step or supplying an aqueous 
solution containing the salts of the dicarboxylic acid the 
diamine and having a water content of less than 20% by 
weight to the amidation step, in the polymerization steps 
after the next amidation step, generation of imine can 
sufficiently be suppressed. 
[0021] 

According to the invention, a targeted 
polymerization degree (final polymerization degree) of the 
polyamide is a polymerization degree in which a relative 
viscosity at 20^*0 when sulfuric acid is used as a solvent 
is from 1.8 to 3.6 and, preferably, from 1.9 to 3.3. When 
the relative viscosity is less than 1.8, a mechanical 
strength of the polyamide is deteriorated and, then, the 
polyamide is inappropriate as a raw material for a film or 
a sheet, while, when the viscosity is more than 3.6, in 
order to obtain the polyamide having such a high viscosity 
as described above, it is necessary to allow 
polymerization time duration in steps subsequent to the 
amidation step to be long and, for this account, 
coloration or deterioration of the polymer is generated. 
Further, the polyamide in which the relative viscosity is 
more than 3.6 tends to cause gelation at the time of 
processing and/of forming. 

[0022] (2) Amidation step 
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The present step is a step for producing a polymer 
having a low polymerization degree by subjecting the 
diamine and dicarboxylic acid which are blended in a 
predetermined ratio by amount (blending ratio) in the raw 
material blending step and^ then, continuously supplied to 
a polycondensation reaction. 
[0023] 

As for apparatuses to be used in the present step, a 
pipe reactor, a static mixer, a continuous vertical 
stirring tank and the like can be used and, among them, 
the pipe reactor is favorable. FIG. 1 shows the pipe 
reactor 4. An advantage for using the pipe reactor is in 
points that it is not necessary, constitutionally, to 
control a liquid surface, pressure resistance is excellent 
and an apparatus cost is low. In the present step, a 
polymer having a relative viscosity (Rvi) of from 1.2 to 
1.8 can be obtained by subjecting the dicarboxylic acid 
and the diamine which are supplied from the raw material 
blending step to the polycondensation. Namely, a reaction 
is performed such that the relative viscosity (Rvi) of the 
polymer in the product (a product to be supplied to an 
apparatus in which the next step is performed) to be 
discharged from the apparatus in which the present step 
(amidation) is performed comes to be from 1.2 to 1.8. 
When the relative viscosity (Rvi) is less than 1.2, the 
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polymerization degree is unduly small, to thereby put an 
extra load in the next step, namely, the initial 
polymerization step, in order to obtain the polyamide 
having a targeted polymerization degree. In another words, 
an amount of water generated in the initial polymerization 
step to be evaporated becomes large and bumping or 
clogging of water evaporation kettle may be generated, or, 
as a retention period of time is prolonged, troubles such 
as deterioration of productivity is generated, while, when 
the relative viscosity (Rvi) is over 1.8, a melting 
viscosity of the reaction product becomes high, windage is 
generated in the apparatus, a fluctuation in 
polymerization degree is generated and, accordingly, it 
becomes difficult to produce the polyamide having a stable 
quality. The relative viscosity (Rvi) according to the 
invention is, preferably, in the range of from 1.30 to 
1.75 and, more preferably, in the range of from 1.35 to 
1.70. 

[0024] 

Control of the polymerization degree of the polymer 
to be produced in the present step can be performed by 
adjusting a temperature, pressure, retention period of 
time and the like inside the apparatus. The term 
''retention period of time" as used herein denotes a period 
of time in which the polymer is present in the apparatus 
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and control of the retention period of time can be 
performed by adjusting largeness of the apparatus, 
quantity of raw materials to be supplied and the like and, 
for example, in a case of the pipe reactor, performed by 
adjusting largeness of the pipe (pipe diameter, pipe 
length) and/or quantity of the raw material to be supplied. 
On this occasion, the temperature inside the apparatus is, 
preferably, from about llO^C to about SOO'^C, the pressure 
inside the apparatus is, preferably, from about 0 to 1 MPa 
and the retention period of time is, preferably, from 5 to 
120 minutes. As for more preferable conditions, the 
temperature inside the apparatus is from about IZO^'C to 
about 290°C (particularly preferably, from 130 to 280°C) , 
the pressure inside the apparatus is from about 0 to 0.9 
MPa (particularly preferably, from 0 to 0.8 MPa) and the 
retention period of time is from 10 to 110 minutes 
(particularly preferably, from 15 to 100 minutes) . 
[0025] (3) Initial polymerization step 

The present step is a step for enhancing a 
polymerization degree of a polymer provided from the 
amidation step by evaporating condensed water in the 
polymer generated in the amidation step or an aqueous 
solvent in a case in which an aqueous solution containing 
the salts of the dicarboxylic acid and the diamine is used. 
As for apparatuses to be used, a vertical type stirring 
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tank, a centrifugal thin film type evaporator and the like 
can be used and, among these apparatuses, the vertical 
type stirring tank is preferred from the standpoint of 
easiness of control of the reaction conditions. FIG. 1 
shows the vertical type stirring tank 5. The 
polymerization degree of the polymer having a low 
polymerization degree supplied from the amidation step is 
enhanced in the present step such that it comes to have 
the polymerization degree in which the relative viscosity 
(RV2) is in the range of from 1.4 to 2.1. Namely, a 
reaction is performed such that the relative viscosity 
(RV2) of the polymer in the product (product to be 
supplied to the apparatus in which the next late 
polymerization step is performed) discharged from the 
above-described reaction apparatus (tank) comes to be from 
1.4 to 2.1. When the relative viscosity (RV2) is less than 
1.4, the polymerization degree is unduly low and, then, a 
load to be put to the next step becomes large. Further, 
when the relative viscosity (RV2) is more than 2.1, in 
order to obtain an article having such viscosity, it is 
necessary to set an unduly long retention period of time 
in the reaction apparatus (tank) and, then, gelation or 
thermal degradation is likely to occur. 
[0026] 
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The above-described relative viscosity (RV2) is, as 
a lower limit, preferably 1.60 or more and, more 
preferably, 1.75 or more and, particularly preferably, 
1,80 or more, while, it is, as a upper limit, preferably 
2.07 or less and, more preferably, 2.03. The control of 
the polymerization degree can be performed by adjusting 
the temperature, pressure and retention period of time 
inside the apparatus and the like. It is preferable that 
the temperature inside the apparatus is in the range of 
from [a melting point of the polyamide] to [the melting 
point plus 40°C]; the pressure inside the apparatus is 
from 0 to 1 MPa; and the retention period of time is from 
10 to 150 minutes. The term ^"retention period of time" as 
used on this occasion denotes a period of time (a period 
of time of from filling to discharging) in which the 
polymer is present in the apparatus. As for reaction 
conditions, it is more preferable that the temperature 
inside the apparatus is from [a melting point of the 
polyamide] to [the melting point plus 35*=*C] (particularly 
preferably, [a melting point of the polyamide] to [the 
melting point plus So^'C] ) ; the pressure inside the 
apparatus is from 0 to 0.9 MPa (particularly preferably, 
from 0 to 0.8 MPa); and the retention period of time is 
from 15 to 140 minutes (particularly preferably, from 15 
to 130 minutes) . 
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[0027] (4) Late polymerization step 

The present step is a step in which a polymerization 
degree of the polymer produced in the initial 
polymerization step is increased up to a finally targeted 
polymerization degree (namely, by generating a polymer 
having a higher polymerization degree than that of the 
polymer produced in the initial polymerization step) and, 
at the same time, an amino end group modifier is added to 
the polymer such that a ratio by amount CEG/AEG (molar 
ratio) of a carboxylic end group (CEG) to an amino end 
group (AEG) of the polyamide of the final product is 
adjusted to be 1.2 or more. 

As for apparatuses to be used in this step, a 
kneader such as a twin-screw extruder or a single-screw 
extruder can be used. Among other things, the twin-screw 
extruder which is excellent in kneading performance and 
easy in controlling the reaction or in adjusting the end 
group is preferred. FIG. 1 shows a twin-screw extruder 6. 
Further, as for the kneader, that provided with a 
pressure-reducing belt is used. 
[0028] 

In the present step, it is important to increase the 
polymerization degree of the polymer supplied from the 
initial polymerization step such that an increased portion 
(ARv) of the relative viscosity comes to be in the range 
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of 1.8 or less. The term ^^increased portion (ARv) of 
relative viscosity'' as used on this occasion means the 
following formula : 

[relative viscosity (RV3) of the polymer to be 
discharged from the reaction apparatus (kneader) in which 
the present step is performed] - [relative viscosity (RV2) 
of the polymer to be generated in the initial 
polymerization step] • 

When the increased portion ARv of the relative 
viscosity is larger than 1.8, gelation can not 
sufficiently be suppressed* Namely, with a sharp increase 
of the viscosity, gelation tends to be generated even with 
a small amount of imine. Further, in the present step, 
since a sufficient kneading time is necessary for the 
amino end group modifier and the amino end group to react 
with each other, it is important to set the lower limit of 
ARv to be 0.05 or more. 
[0029] 

The amino end group modifier (hereinafter, referred 
to also as AEG modifier) can quantitatively be supplied 
via, for example, a feeder attached to the kneader. Such 
supply can be performed at any time from the time a 
reacted product is supplied to the kneader till the time 
it reaches a vacuum vent. As for the AEG modifiers, any 
compound can be used without any limitation so long as 
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they can react with an amino group and, for example, acid 
anhydrides, aliphatic or aromatic carboxylic acids and 
epoxy compounds are mentioned. Among other things, acid 
anhydrides are preferred, since they favorably react with 
an amino group, produce a CEG by a reaction and are 
friendly to the environment* Examples of acid anhydrides 
include acetic anhydride, succinic anhydride, maleic 
anhydride, hexahydrophthalic anhydride, phthalic anhydride, 
trimellitic anhydride and pyromellitic anhydride. Among 
other things, succinic anhydride, hexahydrophthalic 
anhydride, trimellitic anhydride and phthalic anhydride 
are preferred. 

[0033] 

Although kneading conditions (resin temperature; 
retention period of time; vent vacuum degree; and the 
like) in the present step vary depending on a final 
polymerization degree of a desired polyamide (as described 
above, the relative viscosity at 20''C at the time sulfuric 
acid is used as solvent is in the range of from 1.8 to 
3.6) and the CEG/AEG, the resin temperature is preferably 
from [a melting point of the polyamide] to [the melting 
point plus 40''C] and, more preferably, from [a melting 
point of the polyamide] to [the melting point plus 45°C] ; 
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the vent vacuum degree is, preferably, from 1 to 750 hPa 
and, more preferably, from 1 to 700 hPa; and the retention 
period of time is, preferably, from 1 to 30 minutes, more 
preferably from 1.5 to 20 minutes and, particularly 
preferably, from 2 to 20 minutes. 

[0045] 

Production example of polyamide 

In the description and drawings below, AA represents 
adipic acid; SA represents sebacic acid; IPA represents 
isophthalic acid; MXD represents m-xylylene diamine; HMDA 
represents hyxamethylene diamine; SCA represents succinic 
anhydride; OPA represents phthalic anhydride; H-OPA 
represents hexahydrophthalic anhydride; TMA represents 

trimellitic acid; and CLM represents s-caprolactam. 
[0046] 

EXAMPLE 1 (Polyamide A) 

By using a production apparatus as shown in FIG. 1, 
a polyamide A was produced in a procedure as described 
below through a continuous production process containing a 
raw material blending step, an amidation step, an initial 
polymerization step and a late polymerization step. 
0.105% by weight of sodium acetate and 0.21% by weight of 
sodixam hypophosphite were dissolved in AA which has been 
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melted at 170°C. Such melted AA containing sodiiim acetate 
and sodium hypophosphite and MXD which has been heated at 
60°C were continuously quantitatively supplied at supply 
rates of 4.766 kg/hr and 4.428 kg/hr, respectively, to a 
pipe reactor, for the amidation step, having a pipe 
diameter of 20A and a pipe length of 13.5 m by using 
respective plunger pumps. In the amidation step, a jacket 
temperature of the pipe reactor was set to be 300''C; an 
inner pressure was set to be 0.15 MPa; and the retention 
period of time was set to be 30 minutes. During the 
amidation step, the temperature was raised from 17 0®C to 
245''C. A low polymer generated in the amidation step was 
continuously supplied into a vertical type stirring tank 
for the initial polymerization step. In the initial 
polymerization step, a temperature inside the vertical 
type stirring tank was set to be 265''C and a pressure 
therein was set to be 0.15 MPa and, then, an article 
supplied from the amidation step was allowed to be 
retained therein for 60 minutes, to thereby increase the 
polymerization degree. The polymer which has been 
subjected to the initial polymerization step was 
quantitatively supplied into a twin-screw extruder (trade 
name: TM-37BS; manufactured by Toshiba Machine Co., Ltd.) 
in which the resin temperature was controlled to be 265°C; 
the vent vacuum degree at 530 hPa; and a screw rotation 
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niimber at 150 rpm for the late polymerization step. 
Adjustment of CEG/AEG was performed by quantitatively 
supplying the acid anhydride (hexahydrophthalic anhydride) 
by using a feeder 4 minutes after the start of supply of 
the polymer into the twin-screw extruder. The retention 
period of time in the twin-screw extruder was about 6 
minutes. The resultant polyamide was ejected into water 
in strand form and, then, cut into chips which were 
defined as polyamide A. Types and compositions (C/A, 
water content) of raw materials, physical properties of 
the polymer (amount of end group, CEG/AEG, relative 
viscosity, terriary nitrogen content) are shown in Table 1. 
Further, production conditions (temperature, pressure, 
retention period of time) in each of the amidation step, 
the initial polymerization step and late polymerization 
step are shown in Table 2. Still further, the retention 
period of time in the amidation step was determined from a 
relation between a volume inside the pipe reactor and a 
supply amount, while the retention period of time in the 
initial polymerization step was determined from a relation 
between an amount of the low polymer inside the vertical 
type stirring tank and a discharge amount. Even still 
further, the retention period of time in the late 
polymerization step was determined by firstly obtaining a 
relation among a rotation number of the twin-screw 
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extruder, a supply amount of the polymer and the retention 
period of time thereof by using polyethylene and a 
coloring material (carbon black) in advance and, then, 
utilizing the thus-obtained relation. 
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0 5 ~ 1 . 8 -e$) ►) , d^o, 

/iJ^yr? K©5S4S;&/i'jKdf->/PS (CEG) i:*SST 

(AEG) ©iitCEG/AEG (^;Vtt) Sr 
1. 2U±\^m^iri:it^WMti-i>:^D7x V<Dm 20 

[If *Ji 2 1 5 / S^f4^J;J«SH!«7K«^5-efc5 ft 

im^m 3 I v^r ? i'JsK^^co^j;^/^ < i: t 7 0 

2 0'C-CO^a*f*feS;SM . 8-3. 6, HSiM^-^^T* 
;4«0. 6 5^/P%WTs ^ffi^/i'TK^v/i'S (CEG) 
tm^7^./m (AEG) ©»ltCEG/AEG (^/V 
It) 2£A±-Cfc-5ri:=^#®i:-r57jfyT5 K, 

[*BJ(DPillB^j;IftWl 30 

lO 0 0 1 1 

OS. Ll^^ y -e-lcy u-y K LT^*/-< y -^-tiSr#-^ 
[0 0 0 2] 

[i**©s«j Ad"p. mm&. im&fj:t'(Dm 40 
^yii^t;t'-yrv^*^j:<^bnTi>5 

K«?) ;4?ffiixfcg?m^<y-1r— t4?r>fr1--5^*fi:LT 50 
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ffiS$^^-C^^5 (^Jxtf. 4#fF:t®ii. 2#Bg) , 
[0 0 0 31 i:w5T% -jftjd. jKyr^ Kny/WkL 

m . ^cO^^jT-b. ifc^v^T5:>^^)-;i5m-devy 

yr? *^jcyywkL-^i-v\ ^©yc*ic, s-a- 

y T ^ KJCjlA L, y T 5 K©«tllo°oK^(£ 

On^ofi (^. tttg) *-*<ST1-5Pp^JS?r^i:Tv^5. 
[00041 

[#ffiillt 1 1 #^¥2 - 5 0 0 8 4 6-^^« 

[#W5:S^ 31 2000-72871 
[0 0 0 51 

<D^Mt%:m\ Lx. mm^mx^^ ■ ^mm<o^^m 

{c < V ^ -biT) i ^ J: 5 ic. itlSW^^FB^TSSig-Ct 5 
\)7^ Y(Dm^:Hm^m^ti:LtKh^, Sfc. 
B^©B6fni, mmt^'}^f£<. ®?^^^y-1r-'tt*5J;t)y)PX 

[0 00 61 

J:oTiteri3. H«iT5: Y\t2^^ (^Hy^-^) (^jfe 

ifcS vT? :/fig5^d5m-^v'y u->i;T^ 
<n>ii^^m^mti'pti<^-f}t>z.ti)m^x^^hxh^. $ 

©#^&fiJt (^/Hfc) ?^T'#5d»t'!? 1 : Wc^^ni, 

-t>^{ciolt5^S8a-a-xmfC*JV^T^y 7 5 K(^*4S;{; 
-'WJJ^^vywS (WT, CEGirt^J-t) *!J55^Si87^/ 
S (WT, A E G i: tili^-r) fiJ:9t>#</j:-5J:plC5fe 



1 



3 

1 0 0 0 7 1 -r/f *36l«lieAT©ii t) -CfeS, 

(1) v'^yPTjOffi? (c) i:. 'JT^> (A) IrSr, -t 
t^AJtC/A (*/Hfc) ;65 0. 9 75~1. 0 2 5 t/j 

v=T 5 >^5><0'>'i < 7 0 *;P%755m _ jf. y u y 

v?;<;>^V'/J?>'®f (C) ti^T^y (A) i:<Dp-&«5{C*>lt 
5 2 0 9.7? hltlMV±^ 

■r^m^^onM^m (rv.) jsm. 2~i. 
mm^T.m-o±^tim^i^<DnM^m (rv,) 
1. 4~2. 1 RxmMM-B-T.m^^'^mM'B-xmiz^ 
n^m^m<DmM^ (arv) *so. 0 5~i. sr-fe 

-C. mm^fi^i^'JTl K©5Sffi*>'U7Kdr~>yl.S (C E 
G) fc*«8T5/S (AEG) ©SJtCEG/AEG 

( 2 ) ^iST ? y S^14^tiJi6S®!il7ki^T-fcS±|B ( 1 ) 

(3) 'JT^y^j^<D'pfj:< th7 O^JU%i)^m-^'> 
y U^'v^T? 7 5: KT-fcoT. 2 O'CT- 
'O^g^tftSSidM . 8-3. 6. E.m^m^^m:AiO. 6 
S^/wroUAT, *ffi*-'l'JJ?=¥v'>'WS (CEG) tmi&T 

(AEG) (04itCEG/AEG (^-/l^Jt) 
1. 2]ilii-efe5r<!:^#mi1--5*y7 5 K. 
[0 0 0 8] 

JSBjT'Siit-r y 7 ? Kli. v'7 ? v^:5>«7)'>/i < t 
t> 7 0*/J^%/45m-:3r->y l/>'v^7 5:> (£tT, MXD 
th^^o) Jj»e>'i5/-Ky7? KT'fc-5„ v7?:^fi£5)lc 
*ilt5MXD*S7 0*>'W%*^-efe5i:. m^y<])^~ 
'l4i45^L<{STtTLt MXDCD^ff* tt^Ali? 5 
^yU%UlJ:, #Jr/ffS L<li8 0^/lx%tA±T'fe5, M 

7?>', 1, 2-yDfc' U'i'i;7? h yp'^uv-:;' 
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[0 0 0 91 v^*/W*'V^5>t tXfi. 0iJx«. 7^' 
tVg?, i^iS, -^nvgl, a^N^g*, if/V^/V 

tvyv®?. ;^-<y>®?. 7-^7-r:^S!^, -^^r;!; 

^>>T*v?;i-viJ. Kx;(7:xv?;i-:^gf. ^^-Y-r- 
yy^/i-m. y^^i-m. ^'yv i^yi^^f\-ynym. -fy 
9WylJ)Vif.ynm<D'^^m'yi})\^if-ymmt'^mih 

rtibfD^'Tt. T'yy^ym. AA^:'b^^ 
9) . (^T. SA^:'b^^9) , ^y^^f;!- 

^ (£iT. I PA,^r'bV^5) ;S^*if4LV\ aKv?*^PzK 

>su!g^^fi. *3$T^ffiLT'b2ai^;i±^ttE(7)Sij-a-e 

<s&ffl1-54&^. AA. SAioiufi PA©f *»e>®fiix 

20 -rSOAWSLl^o 

[0010] ±iEv>7 5 Vg^^^a^ 

:hjvif^ymmh^m%^'^t\^x^m\^xhx.\,\ 
[0011] iF.^mx\-mmmm-^n±:^.x-if.y)T % k 

[0 0 1 21 m-itimfmm-^o±7.i:mi&t^^m<D 
T.n mnm-^xn. 7? vitxm. wmm^nunx 
[00131 ®m^m^T.u 

^T.mx\t. iy:bjU7f.ym (C) ti^T^y (A) ©» 
JtC/A (^•/I'Jt) id^O. 9 7 5~1. 0 2 5(0®5Hir 

d^d^-Si^^/WJl^^g^ (C) ti^7?.y (A) (^ftlfcC/ 

<Dxmizm^RitMm^^n\zmmtf£^rznxf£ 

a-^^* T-iiJji L f£ I ^m^ii hi>o i K V-"* /v-jff 
(C) tyTxy (A) Oftit (C/A) f±a*L<Ji 
0. 980-1. 020 (^-'UJt) . ie(ca*L<li 
0. 9 8 5~1 . 0 15 (*/Ht) 

50 (00 1 41 ii^. m 1 {ciji-t J; 9 {c, 



(4) 

5 

[v^;<;yw^l?>®S(Dii^]~[v?*/W;J<>BfeOili;S+ 2 0*0] 

[0015] v=T ? v(D^s!! • nmm 2 «as¥-<f -e 

©SI^]~[i?T5 2 0"C]©$!SBBl'^*S)gaT 

[0016] Jfir4tt^/-Kv^3 a . 3 bli. ^ii • fltU 
I 0 0 1 7 1 • StMW 1 > 2 f^<Ov;*^P#^^io J; 

ikw y v®?j?>ffi y >^(DT-'i';* y ^jrjs (;;& y Atg, 
A, giPi^:f- h y A • STKipife. i^K* y i>A, g^i?y 

^1>A. 2 7KlD!^^;6^^(f ^tl. ^T-t,. iS):ffiy^^-f 

*y^>A, g^®f-:»-hy -^A^iWStl^o ^nbJSl^-fn 40 
-J»lS*fctt2«£il±«r#fflLT'bJ:l\ T/i'^y^JS 
-fb-g-i^c^SSADttJi^y 7=: KJC^ttT^JSJ^.^^ (Tyl'* 
y^JSlS^-) i: LX0~6 0 0 p pm^J^fi t<. it) 
/if*t<li0~5 GO p pmT'fcSo 

ffiy^^^. y >®fioJ:t/rtLb©L i . Na 4/cl4K 

11 : y sy >®f*3j:ujy ^gpcD^f-yi-. a:^ 

Na^L<l4Kig:ffiy>®f«>L i. Na^U<ttK^ 50 
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IS^y Wk-e-^«©^iPl:(i5Ky7^ Km 
bTPli^i:tT0~5 5Oppm^f*L<, ±9*?* 
t< f40~5 0 0 p pmT-fo-5o 
[00191 ±EO i 9 IC, 'yiojx^if^y^ 

<omm ' nmm i .t v^r ^ i^ff^mm • nmm 2 u 

^■t^iib\c\.xh^\<\ fztcU mU7i^mm\zioif?> 
7Kwl:H:2 0S*%7|cjiJc:-r5j65>®i5ifc5, 

*\ tfctt. v?;*/i'!l?^^©^ia-Jfi'«»i*JJ;a«i^T 
^ >'©^^-|f^W 2 coft^p v^;*/l'/K>'^ii;T 

[0 0 2 0] :*:ISIc*J^^T. v'^/WjIO^^J J:t;fe?T 

t < f±. 7jc5>»;4? 2 0 Sft%*^(?5i^;*7l'7t?>®?i: v?T 

T\ i!Sc<0T5 K^bXg£A|^(Dl['g-Iig|cioV>-C. 5> 

[0 0 2 1 1 ^^|gBj{c:*ji>-c. T^yr? K<og:^^:i-5 

a-^^ (mm<Dm-^m) tit. mmKmm^mmvtz2 

OX:X(DnMUm^-l . 8~3. 6.^f*L<«:l. 9 

~3. scom-trnxh^o m^Mii^mii 1 . 8*ii-c 

»4. *°y 7 5 KwSIM6<J^^;65{gi,N>(j(oir/jjt), 

A, i^~hfJ:t'<omntVXmiaXf£<. 3. 6?S:@;t 

i?)(c/Ky^-©«fe^^Mb^^^tCT* 9„ *^c. ^a^*!; 

[ 0 0 2 2 J 07 5 K-fblM 

it) \zm^$ixxmmmcmi^^ixx<^i^T^i>t':p 

[0 0 2 3] *XgT'i^ffl$n5B?{ii<!: L-Cli/'^-l'T'y 

01 T'li/^-l-yy 7^'i5'-4^lr^LTi^^)o 
y 7^^-^ftffl1-^m^J4. ^rot^it±. ?SffifiJW 

^s. mRm'^mmRxfmm^A^^mx'h^^<D^.X' 

fcS. 5 K^bXST*l4. lS!|SFp-g-xe*»b«ti^$tL 

^i^:f}^^^^>mt'y7 iy^kmm^LX^y^!^^ (R v 

.) ^5]. 2-1. 8(7)a-&ffi^^#Sc -f^ii^h. *x 
s (7 5 hMb) 9^ii*-e>e^a$n5*fi)cig9 (i^x 

a-g-flc^m^iS {Rv,)d5]. 2-1. Btti^x 



7 

9tcKl£:Srff?„ m^M^m (Rv,) AM. 2mmX' 

s»o (Rv.) iu. 8t:m^^tm- 

i^<omm^mtm <ti:<o. Rft^mmf^x^mi)^^^ lx 

^{Rv.)ttl. 30~1. 7 5 W®IS;JS/i^4 L<. 
J:!9/iff*L<ttl. 3 5-1. 70©iSiaT'fc5. 

[0024] *is-c^j5gi-5a-a-«:©fi-e-«o*jp 

i-^i^F^-cfct). ^mr.go$ijisitt. s?^i©;>ct$^j!i 
nmii^m^t:mmir^^t\cx-oxnt>ti. m^\iy<4 

•CtrJptlSo rr-t% ^«l^i&S»4l 1 0~3 0 0t;S 20 
,aE*s^f«L<, rtjBEttO~lMPag«iSjif*L<. jf 
®^Fb1I45~1 2 0^effiiW*Lt\ J:»)jlif*H/^* 
#i; LTI4. ^tfflrtfi^^M 2 0~2 9 Ot: (i: 
ieF4L<ttl 3 0 — 2 8 CC) . I^JE;jSO~0. 9MP 
a (i:9t3tt»*b<J40~0. 8MPa) . m^^m 
y45i 0-1 10^ (i:t)*pW4L<l±l 5-10 0 

[00 25] ©lUSBfi-a-Ig 

T.mx±li^Ltcm.'kW^(Dm^i^'^. v;*^P/r:>ffi?i:v^ 30 

fcs. ^TM.x^m^fi^WL^bx.xn.mmsmm'^m 
(Dm^Wii. *xe-e*B5tttS (rv,) *si. 4- 

lt5fi^{*:©ft3?f*S« (Rv,) *si. 4-2. 1 

^ 0 b . '^mmn^m. (rv:) ji?]. 4 

Sfc. 2. 1 J: t):^tt^4l'i'l4, ^:©J; ^/^-bto^ 

(0 0 26 ) ±iEt@^*A^ (Rv.) {4. ^(OTPHco 
l/^TttiJS L< 141 . 6 0ti±. J;9^fSL<<4l. 7 
5£A±. t 9*?I^Jf*U<»41 . 8 0£i±T'fc9, -f© 
±ffi^Co^^TI4^^4 U<tt2. 0 7£iT, J;9^fS L< 50 
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J4 2. 0 3etTT'fo5„ fi-8-a©$ljm. 

E;^. mm^wi^^vm.-ti>:Lt\zii^xnt>H. 

OX,]<Dmm. rtffil40-lMPa. ffmFBlJ4l 0- 
1 5 0^i:1-^OiWSLV\ ^^X<D^^miit\-m 

3 0*0]) . F*JJEaS0~0. 9MPa (i»J*PJtif*L 

<f40~0. BMPa). Jf@^FB^I4l 5-1 4 05> 
(<!: ?)*3lt^*L<J4l 5-1 3 0^) -Cfe-So 
[002 7] ®^»ifi-&Xie 

^:Xg{4. lD»i«-g-XS/5»?,«i^$ixT<5, 

■a-S4T-ii*5 (i-/it3*,. ^sja^xgT-^fig-rsa 
5SjgT ? / mmm-^mm l-c. :&i*iSfD<^jK y t 5 k 

(D;(;;^jJf=Srv'/P^igS (CEG) i^iST^/S (AE 
G) ©»tt:CEG/AEG (^/Hfc) Sri. 2K^±{c|i 

«-r5imT'*)?.„ ^TMx&.m^i[h^WLmt\.xii. 

[0 0 2 8] *i^-ci4. wmm^nm-hm'^^itix 
<i>m^i^<Dm'tm^. ^Mum<Dmm'^ (arv) 

1. 8UTtf£^1^mx'm)sb=b:itA^mwxh6o :::: 

-effi*f*!ia[©tijp:»- (ARv) tii. i^mxmirnt) 
(Rv,) ]-[mB<owmM^xm.x^^-t^m^^<D 

^i</iS„ -ffihh. ^^(D^Mfihmz^'^x. 'pfa 

v(DT|5Bf40. 0 5£A±{c1-S::i:;J5aST-*)5o 
[002 9] 5S4!g7 S: JmWm (£iT. A E G^tt^J 
t-bv^p) »4. mi4, igiS^JcSji9#Jtfc7^-^- 

14. SJS:^;4^jigiKm»^#i^$H^ci^.*^^^f,KS'<:^ 
S5*-C'«ttE(O^^.T'tT^ix.^o ^AEG^^4^J<!: L 
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mi>mt. L\>\ 

[00 3 01 AEG^imommmn. mmocEc/ 

icmE-t^AEGmiCMLX. ii^. 0. 5-3. 0^ 
»*U<HO. 8~2. s^l^a:. <^icif*L< 
ttO. 9-2. ofg^»-efc5. 

[00 3 1 1 *IieiC*Jl>T. Jl^yr^ KCOCEG/A 
EGSrl. 2y±{Ci-5- tJciU, Jpx-^?^^IC4S 

5o ^nii. ^D7^ h'it^m^ iJDXm\cMm.^TKm 

X) . yMti^±]^-^-r<f£i>AK CEG/AEGi& 20 

1. 2ei±i:-r5r<bT\ mm) ©±# 

is. CEG/AEGIi^^^t<(il. 3£A±. i?)^* 
L<lil. 5U±X'h^o ttz. CEG/AEG^iK 

tt#{c|ig^^l$^^/j^^^*^ m^m^smmp^x<DAEGt 

AEG ^tt^J t wSi^:tt<^,^C/{i^ 5 0 £AT;dW* Uv \ 
[00 3 2] Sfc. CEG/AEGpg^«/KyT5 K 
©A E Gl:<±^^^k^^©jfl)$lJ*|W,^.;J^P,, 7 Om e q 
/k gUTim-^LK^ 3 5me q/k ggiT. i:<!)t> 
tt»*L<H3 0me q/k giilTT*fc5„ -f/i^P*,. 30 
AEG »|±/|^ $ »ttltf/h $ V ^a^if * t V \ C E G ft li. 
^KMM^iXfi^^i!)^. — IS:&<J»C{i 8 0 — 2 0 0 m e q/ 

k ggs-e*>5. 

[003 31 ^n.T.nx(Dmm^n mmmM. 

a-g-a (tiiELfci^t-. ^^«(cgE®?^^fflLy5:2 ot: 
•cw^a^ttSdsi. 8-3. eofSffl-cfes, ) ^fct^c 

EG/AEGICio-Cti^/iSdS. «tl!imii['-KyT 
^ K«73St^J~[/J^yT^ K(7)it,^.+ 4 0t:];45^f$L 
<. J:l3ifSt<tt[jKy 7 5 K©Sl!^J-[/}^yT^ K 40 
©St#.+ 4 5"C]T-fe?). '<>'hK^«ttl~7 5 0h 
Pa2l>W*t<. <tl3»*t<lil~7 00 hPaT-fc 
9. ^S^FBllii~3 0$>*5j(f4L<. J:?)^fSL<li 
1. 5-25^, <k (3i5j^iff* L<{12-2 0^-Cfc 
6. 

[00 3 4 1 *.^W/iJKyT5 KcDCEG/AE 
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-So 

[00 3 51 ^¥^m<Dmm:fjmx'n. i^r i mz. 
^ \ y<D^^i-]r^\z.m\X'^. ^mTXY<r>^mzii 

S;Jfy-r-(Z)H»cSjk (y/Wk) i^+^fCWJLT. V? 
T ^ >'^j;i<D'pti < i: t, 7 0 ^/l^roiiJm -^rv y Uy'y 
Z?>*»?>/j;S/Kyz^ KSr+^^JdiSiVNa-g-gjciti^fit) 

Ti?jt$*v5^:|gBj(D;KyT? Ktt. @ixfc^m^^y-y 

— tt*5J:t;f+5^^c«^^^-g•s (nn^m^\. 8-3. 

^^Sa^O. 6 S^/l-rogiT-C. 1. 2£i±<DCEG/ 

AEG^^-r^:Ltf)^h. jpi • ^ff$ffi^^c^ov^Ty>'^b 

[00 3 6] 

[003 7] (Zigig^^>^ft©ay^) ^^^^^7 

/V:^vi^ y:fx2^<J—A^ (HF I P) |C^fi¥L/<yT> 
ttMUn i t y-5 0 0NMR^)-3t§§^fflV^T. j^^., 

(c" ) (D^^'^ v?\^^mm\^xE.m.m.m^mm (-m 

[0 0 3 81 [*ffi*^W5K*v';US (CEG) 
^] ^*40. 2 gJC'<i'v>'l'7'yl'=i— Cm I SrJp 

X. 1 8o±5t:{c-e5:}>raT'it^$-fry'c„ z.(omm^ 

^.tL-C. 3i^y-/H47Kgf^k;t;y e'A^)^ (0. 5N 
-KOH8 Om 1 JCJ^tJ^Z-yV^iftp^ 1 0 0 Om I liH 

CEG (meq/kg) = { [ (A-B) XNXf] 
/ (wX 1 0 0 0) ) X 1 o' 
A : m-^m (m 1 ) 

B : mm<ozfy>^m^m (m i ) 

N : y -jV^imittl '> 2^<r>^§L (m o I / 1 ) 
f : ^^/-/H4^Ki?'fb*y ^>A©7 7^'^ — 
w -.m^mm (g) 

[003 9] [*JSsT^ /s (AEG) ffl^ao^) 

0. 6 g^S^7;c/-/^/3:^y-/^ (^®it4/]) 5 
0ml IC^«?t. 2>:V^T\ 7X/':t^;/-/u (^^tt3/ 
2) 2 0mlSr*Px. Ig/T^^;< ^/i^jJ" u> vSr-JS^Px. 
^c. / -/I'tSlfiKTKjSJS ( 1 / 1 0 N<DH C I Sr 1 
0 0m I t:^^ Om I IC|^g7k«rJ!)DX.T 5 0 0 
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AEG (meq/kg) = { [ (A-B) XNXf]/ 

(wX 1 0 0 0) } X 1 O' 
A : (m 1 ) 

N : Ji^'y-zl'ttHC 1 COfi^ (mo I / I) 
f : Ji^'/— yl/ftHC \<r>7 7i>9 — 
w rlWfi* (g) 

[0040] [ts^ttS©a!i;t) jKyr^ Ko. 25g 10 

Sr9 6. 3%0^^2 5m nc^^L. r<D^J^l Om 
R v = t/t. 

t . : m%(m-Yi&Wi 
t : ^mm.(o%T's&>%. 

(n>ms%m (Rv,) \mm.^:Lmk<o'j-vfikm\^ 

S (Rv:) lllDfflm-&lS*>b^»iS-^Xg'^(Di^ill 

[004 21 [i!^igi§«fi:<DiBiJ^) J I S K 71 
26{cSpft!.LT. 24t;. 1 0 0%RH©|fe#T*aj^L 

* L<t44£JlTT'fcS, 

[00431 (Wki^ra) y^kit^i t imm^fitz 
s^Wi- 1 0 ot:-c 2 4 f^mmmm^m Ltzpm (jjey t 5 

*>-5APflft«lS U/cftipf 0 . 2 5 g =^ 9 6 %mm 2 5ml 
[00441 [*!;^±#|g^ ( A R g ) ] ^mmA:^m 

ARg=[ (y-'WkmpgsiF©ta*r*!iS(Rvt)) - (^/u 
immm<D^Mfts^ (Rvb) ) ]/ (y/Htmmmm^b so 
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:L^X<omM^m(Rvt)iSXU (Rvb) ttV^-ftLfcilBfa 

^MBmi:U^vx\'^^<Dn. ^Mmo^tSMumtu 
m^^M^tLxm7!)mitti>tzi!bxhi>o d^A^^sasjL 

^(omm (ARg) iS/h$v>ri:tt. *nx • figj^^^i? 

'(bUc<^,^-^:T•fot», S^mSllO. 1 SfiATiW* 
L < . 0 . 13 SiTimKtii-t. LI \ 

[0 0 4 51 sKyr? vo>mmm 

Ait±y<>'ym. I PAIl^ y^cJ'yl'^. MXDIim- 
^v-y UVv^T^ HMDAJ4'^dri^/f-U>v?T5 

scAnm=^y^i'fk. oPAttii^^^'/i/is, h- 

OP Ali'varf-t KoM;^<7-Jryl.^^ TMAfiNy^y 

[004 61 (HJg^aji (/Kyz^: KA) ] Hitc^-r 

^lcj;i9. UT(D^mX7t']}7X KA^MitLfCo 1 7 
O'CT-^iiltfcAAfCO. 1 0 5mM%<DmMi-h*J <> 

tz, mm-rv]) <:7j^ti^xfd:wvymy-^i:'&t^mm 

AAt. GOX^icMmLtzMXDtt:. ^ix^tiy^yy 
>5-\r-JK>'7'ICT. AA(roV>TI44. 7 6 6 k g/h 
r©W«&»-C. MXDJC0V^TI44. 4 2 8k g/h r 

©#t^&*T\ K^kX^ffl(D/^^':/g;i^2 OA. y<-< 

yhUmsoOX:^ rtJEiSrO. 15MPatL. jf®^ 

m^3 0ji^tLfzo rtDFeitc, t^^i^oiajs {4 1 7 or 

~ 2 4 5 r * -e±# Lfc. T ^ K^kXgT-^fig Lfci&a 
-g-i^jaiOffla-e-xgfflroKESJSjf If tca«g6<)fC'S^^ L 
fcc ?;)»lS#xeT-f4. ta®aW$1f©rti&Sr2 6 5'C. 
F^JESrO. 1 5MP a L. hMbXg*^f>(D#t^l^ 

Sr6 o:j>rBms^-fr. isa-a-s^b^tr/j^ofc. izjsia-a- 
xg;^s/ca'a'f*tt^«a-e'xaffl<o. mmm.m2 6 5 

"C, hK^SS 30hPa. ^^y 3.-111^^1 5 
0 r pmfC$lJP$*lfc:«^^« (;^) MTEM-3 7 B 
S-Wl'-y-iC^mW^LtZo CEG/AEGOmS 

-(h\z$n-f^ii^m^mime'Afn%xh^fz, mhntzTf. 

r^Vi/Lfc„ ^nSr^y KAt-r-5c ^lIcJiDlsf 

<Dmm. M (c/A. TK^ft) , m'^W(D!&s'^ 
sffl. c EG/A EG. ^m.mm^^m ^ 
TT-f. *2jcz5 K-fbxs. wjwa-g-isisii; 
m»ia^xsjc*j»t5S83t^fe# (ias. ffi;^, flirsi^ 



13 

[00471 [immi (xKyr^ KB) . mmms 
(jj^yr^Ki) . immi (jKyr^Kj) . mmm 
8 (^yr? KN) . Jt|!^0ij7 (.-Kyr? ko) . mm, 
ms (n^V7^ KP) ) ±iB^yT$ KAtPi^tcm 

I. J. N. O. PSr^#fc„ ^^cja. /Ifyr^KK Js 
i Of^lB«-g-ieic:*5lt 5f^@i^F^tt±EjK y T 5 K A 

y T 5 K B ^co^^Tl±^sl*-a•Ia©^llSl$&^s^ 5 

t tfCo 

[0 04 8 J [|I1S«»|2 (3j?yT5:KC) . ||Jfe«»|3 

(jj<y7 5 KD) . Hitefisje (^Kyr? kd ] ±ejK 
•fu^M^LU'o. mw^m-twm-^. ^2{c*-t#fe#-c 

a-g-LT4^y75 KC. D. LSr#:rc„ 7 5 Yit 

[004 91 [Jt|«ffi«j2 (/j<y 7 5 KE) , iti!?fiaj3 

(/-Ky7 5 KF) ] ±fE;j<y7 5 YAiimm\mi<r>m 

MMi:. ^2{c^-r^#-CS'g-LT^y 7 5 KE, 

#fc. 7 5 Hbis. ^offl»^xa&o!m»a-a- 

tjgfiLfc;*^ ^y-7-(7)a-g-s»±{&< gw^:-r5a-& 
s (tB*f^;Sl. 8~3. 6) {CitL/i/i^ofci. 
[00 5 01 [IIJi0iJ4 (^y 7 5 KG) , Sll0ij7 
(jKy7 5 KM) ) ±|B^y7 5 KA^rl^^^lclil Hcfl^ 

*-ri^*4$r. *2ic^-r^#T-a-a-LT/-Ky 7 5 kg. 

M^#fCo jKy7 5 KGIi, /^.f4iS-a-Xg{c*3tt-5, K 
Sfei- h y i> A*3j:t;j!>cffiy :^®?y-^^Sr^tr^i»A AO 

^7 - jKi/ i 5 7" y 7 ^ — 

<Sr4. 7 6 6 k g/h r t L. 8 1 . 3aa:%<D 

-S/sVT'y 7^5'^' ^©^i^ftiSrS. 4 4 8 kg/hr 

<kt. 7 5 K'fkXg5:U:?;]fflS'g-xa©?f^^rBl?^*tt 
^ix4 0^, 7 05>i:Lfc, .1^y75 KMI4. 

xs^c*J^^-c, mm.-)-v')<>j>^i6i,i^d^m))yvky-y 

?r^tpAAt I PAOig-&^SrffifflU. Zfl<OZf=7'^'J 
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9 6kg/hr{c:t, 7 2. 9fi*%<^MX D7K^^<?5 
i'v^^-jKi^yjc J: y y 7 ^J' ©«t|&* 
Sr6. 070kg/hr»ct. 75 Y\tTMRX^mmm 

[005 1 1 iitmm4 (7^1)7^ YH) , tt^me 

(#y75 KK) , Jt|!ifii88 Wy75 KQ) ] JDEiC 
KJCJJ^IC 1 4 6 1 4^©AA. 136 19gB©MXD. 
14. 9 6U(0mtki-\-V '>J^. 3 0. 9 4gP©?J:Sy 
>Wty-yRXJ^7i^2 3 1 0 Og|5^{tii^grt=Sr+:»'gm 
10 Siltfco Rl£:S«r^HU4 S^W-Ci^-^-Jry hjaafSr 
2 7 5'C*-C#?aLfc, ^rtE^lMPatC^JELT* 

L^o Cl©i^^TScJE?rM^L6 05^rra-C^JBEtLfc„ 

©ft^ics^S^ififf H 2 6 0 "C* T±# Lfc, Plia^fS 

'-iStWt3Ky7 5 K^Sr^fCo rW/Ky 7 5 K(C*rLT/-K 
y75 KA©iiig{C«ffltfcZ:tti/l'-^?'-?^«ffiU C 
EG/AEGCOpS^^fofc„ f/il:>tj. JKy7 5 K{C 

mii&S2 6 0r. ;^i!'y^-[p]iteicl 00 r p 
m, 'O' hM^m2 0 0 h P a ©*#-CfT>iofc„ :m 

Sr^i^y 75 KHir-t?,, i^^/W/J^V®, ■:;^75>'<Da 

^cgi^l-tt. ±fExKy7 5 KH(OM3t:frfe{c2p|i|LT;Ky 
7 5 KK. Q^^§fc, 

[005 21 [itmi9 (yt^VTxYR) ] mUCT^ir 

*IST-5J?y75 KRSrMjit;^. ^-&fetCT, 14. 7 3 
30 8 g©7Kx 1 7. 8 00g©AA. 1 6. 5 8 8 g©M 
XD. 3 1. 8 s(Dmmy~'}''iiXXJ^2 1 . 3g02>:S 
y ^'gjy-^^jD;?:. 0. 2 2 MP a, 1 3 S'CcO^^ 
t?flHtTiC 7 Oa«%© A A -MX D:S7k^fK;^ii®f L 
::(DAA-MXDl^7K^jg<^ft^8. 12L©«IE* 

i±3. 5MP aicm'l^Ltz^UzfVTi!'^~fHiZ^ll^V 

fco /NM-/y7^i5'-rt{cjo»t-5?f®^ratt3 55>-er 

©fB^»Cl^^i^©fiStt2 4 Ot:*T-±#Lfc, 7 5 K-ft 
XmX'^^Ltz^m^mX l^?S2 8 5t:. 3. 5MP 

L. 1»fll?m3 0 OU -OhK^^SOOhPa, :^ 

y :x-i£ifef!:i 5 0 r pm\zmmvtz-mf\^-'^~\:. 
4. s^'m^^^^y^YuUii^y^fi'fk^^m^t^L 

CEG/AEGOHS^rtfofcio Zltt-'V—y-i^jfc 

[0 0 5 31 (^liSfiSJl 0 Wy75 KS) ] 75 K-fb 
Xg&U5|B»ia^ISIC*SltSJE;^ (l^ffi) ^0. 7 0 
50 M P a jcggH LtzVMtmm^ 1 i: ^^JC LT^i^ y 7 5 
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(MPa) 


(») 


aft 


(MPa) 


(») 




(hPa) 


(») 


A 


170-»245 


ai5 


30 


265 


ai5 


60 


265 


530 


6.0 


B 


170—245 


ai3 


30 


265 


0.13 


60 


265 


530 


5.0 


C 


170-*245 


ai5 


35 


265 


ai5 


70 


265 


500 


6.0 


D 


170—245 


ai5 


35 


265 


ai5 


70 


265 


500 


6.0 


£ 


170—245 


ai5 


60 


265 


015 


90 


265 


450 


ao 


F 


170-245 


ai5 


60 


265 


ats 


90 


265 


450 


ao 


Gk 


170—246 


ai5 


40 


265 


ai5 


70 


265 


500 


6.0 


I 


170—245 


ai2 


30 


265 


012 


60 


265 


530 


6.0 
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170—245 


0.13 


30 


265 


0.13 


60 


265 


500 


6.0 
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170—245 


0.15 


35 


265 


0.15 


70 


265 


900 


6.0 
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170—245 


ai5 


40 


265 


ai5 


75 


265 


500 


6.0 
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170—245 


ai5 


30 


265 


015 


60 


265 


530 


6.0 
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170—245 


0.13 


30 


265 


0.13 


60 


265 


530 


6.0 
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30 


265 


ai5 
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265 


530 
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35 


285 


3.50 


60 
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500 
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170-246 


0.70 


30 
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60 


265 


530 


euo 



[0 0 5 6] Sl±mm\^ity^VT%h'A^R(D^/Ht^ * [0 0 5 7] 

Bm±Lmm ( a r g ) . mmm7&m^i:m 3 im 3 1 







ARe 


(hrs) 


Cml-m/m'-davMPaX 10~*) 






1 A 


0.085 


28.0 


2.9 






C 


0.059 


49.5 


3.1 


m 




D 




40.5 


3.0 




G 


0.076 


31.5 


2.8 






I 


0.082 


29.5 


3.3 






L 


0.071 


30.5 


3.2 






M 


0.117 


16.5 


3.5 






N 


0.096 


20.5 


3.6 






P 


0.069 


37.5 


3.5 
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0.084 


27.0 


2.9 






B 


0.362 


10.5 


3.1 






E 


<o.or 


>50 


3.4 


tt 
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<o.oi • 


>50 


3.3 


m. 




H 


0.465 


3.5 


3.2 


m 




J 


0.356 


4.5 


3.6 






K 


0.181 


8.5 


2.7 






0 


0.108 


24.5 


6.1 






Q 


0.078 


31.5 


5.9 






R 


0.413 


11.5 


3.4 
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